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Satelite m appmgofla rgerar e afor e stla nds a ndtimberla ndsis also a c c o mplished･in thePbilpplne S
withthe u s e ofa co mbin atio n ofvisible, n e ar - in&ar ed ad 3･7FLm . ther m al-infr ared AV HR R data
of N OAA -12m oming pas s(0730- L S T)sate11ite･ T histe chniqu e w a spe rfo r m ed o n a s?rie s ofNo AA-12 m o r n lngPa s sim age s a cqpiredfro m1992to1994. T helin e ar c oHtr a StStr etch .fthe
95 港(2sta nda rdde viatio n sfr o mthe m e a n)ofthedata of 也e3 A Ⅵ 皿Rchan nels c o mbirled with
the u s e ofthe1988 Land Us eMap of the Philippi n e s, the1989 Land Cla ssi丘c atio nMap ofthe
Philippm e s and the 1:250, 0 topographic m aps as r efer enc edata e n abled the dete ctio n ofa
spe ctr alpatter nfo rfo r e st a ndtimbe rla nds a nd che cking of its s uitabiltyfordelineatio n. The
range s ofthe digital v aluesde色ning this spe ctralpattern w e r edete mi ed a nd used in the
cla s sific atio nr The s epar ability of the data v ahe s offo r e st/timbe rlands fr o m tho se ofthe
s u rr o u ndingc o v e rtype s w a s e valu ated u sing m e a n s, ta ndard deviatio n s a nd data valu espr oBle sI
A n o rm aliz ed differ e n c e v egetatio n inde xim age w as ge n erated and c o mpa red with the
cla sific atio n o utput. Ac c 町 a Cy as s ess m e ntperfo rm edby pix el-to-pix elco mpa ris o n wih diedigital
1988La nd Us eMap yielded 85% cla s sific atio n a c cllr a Cy.
1. m T ROI)tJCTION
Satellite m appl ng Oflarge- ar e av egetatio n c o v e ris c o m only a c c o mplished u singthe
v egetatio ninde x(Ⅵ)te chniqtleO nNO A ん A VH RRdata･ The Ⅵ te chniqu e e mploys the visible
a nd n e ar-in鉦a red cha n n els of NOAA-AV HR Rdatato de riv e v alu es which will indic atethe
gr e e m es s and den sib' Ofpla r[tc an opie s･ The v egetatedAre a sge n eraly yield higherⅥ valu e sthan
clouds, w ate r, r o cks a nd s oil beca u s eofr elativ elyhigh n ear-id
.
ar edr efle cta n c e a Jld o w visible
r ene cta n c e(Lilles and a nd Kiefe r,1987)I T he n amr e of th is Ⅵ te chniqu e, ho w e v e r, show s
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limitatio n sin spectralseparatio n ofs o me co rltigu o u sly gr o wingdistin ct v egetatiohc o v e rtype s
s u ch a sfo r estla nds and c o c o Ⅱut pla ntatio n s which abotlnd intr opical c o untrie slike the
philipplne S･ On e simple techniqu e which can.be ofgr e athelp m m apping Outlarge tropical
timbe rlalds a nd fo r e stla nds a nd which had be e n u s edin the Philppn esinthepa st3ye ar sis
us中ga c o mbin atio n of the visible･ n ear-infra red a nd 3･7 岬1･ the rm al-infr ar ed A V H R Rm o m lng
pa ss(0730
- LST)data of NOA ん12s atellite･ Thehn e ar c o ntr aststretch of the95 %(2sta ndard
de viatio n sfrom the m e a n)of thedata Ofthe seNOA A-12ch an n els co upled wi thaprio ri kn o wledge
o ru s e oftheland u se/clas si負c ation m aps ofthe ar e a underin v e stigatio n e n able sdete ctio n of
spe ctralpatte rnfo rfo r e st/timbe rla nds and exam hatio n of its s uitabilib, fordelhe atio n･ The
N O A -12 im age s which ar edete rmin edtobe suitablefordehe atio n willthe nbe classifiedusing
也e range s of thedigitalv alu e s which defin ethe spe ctr alpatte mfo rfore st andtimberlands. T he
char a cte ristic s of thefo r estla nds a ndtimbe rla ndsdelin e ated bythiste ch mique a re a sfollo w s:(1)
atle astappr o xim ately2to25sq･ km ･ inexte ntdepe ndingo ntheposition ofthepix elintheim age
fro mthe n adir;(2)ha v e m o r etha n50 %timbe r, sc rubs o rbr o ad-le a v edtr e es who s ede n sitie s
ra nge 丘
.
om m edium tohigh;(3)mix ed.wi
thgr asla nd and othe rlo w-de n sityvegetatio n s u ch a s
shrubs a ndc o c o nut tre es;_
and(4)in cludepin efor e stbutn ot m a ngrov efo r est. OrLe Strikingfe d:tu re
ofth iste chmiqu eisthe s epar atio n of fo r e st andtimberla nds血
.
o m ar e a sdomin a ntly c o v er ed wi也
c o c o血t tr e e s. Co mbiningfa cto rsthatledtothede v elopm erlt Ofthiste chniqu e a re(1)fa mi larity
o nthe e xistingland c o v ertypes,(2)repea:ted display oftheflr St3 ba nds ofm oming pas sNOAA-
12 A V E R R data,(3)habitual line ar c o ntr a ste nhan c e m ent of 95% ofthehistogr a m s ofa nyim age
datatobedisplayed,(4)thefailu r e of 血e Ⅵ te chniqu e appliedo nN OA A datato s epar atefo r e st
缶o m c o c o n utplantatio ns, a nd(5)the u rge n cy ofthe n e edto r e-iI Ⅳe ntO rythefo r e stco v erin the
Philipphe sus ing S atellite data･
T he objectiv e s of th ispaper ar etodisc n s sdiePr O C edu r e s and obs er v atio n sin applyingthe
for est/timbe rland m apping te chniqtle, andto e v alu ate the
l
s epa r abilty of the data valu e s of
for e st/timbe rlands丘.o mClo s e Of the su r o u ndingc o v e rtype s u sing m e an s,,
ta ndard de viatio n s a nd
data valu e spr ofile.
2. DA TA A CQUISIT ION AN DPRO CESSIN G
The s atellitedata u s ed inm appingthetimbe rlandsland for e stc o v e rin theP hilippne s w er e
the visible
,
rle a r-inffar ed and the 3.7 F皿 ther m al-infr a r ed AV ER Rdata 血) m the NOA ん12
m o mlng Pas s S atellite a cquired fro m1992to1994. The s ele ctio nofo nlyN O A A-12m o rn ng pass
datain ste ad of inc o mbin atio n with 血o s efro mthe othe rN O A Asatellite s andpa ss e s w ashistorical
and w a s attributedto 血e 血.st N OA A data u s ed o n wllicb 血e spe ctr alpatte r nfo rfo r e st and
timbe rlandshad be e ndete cted. The s oftw ar es u s edto do wnlo ad andpr o c e s sN O A A112 data w er e
the De vic e-Indepe nde ntSo氏w arefo rIm agePr oces sing(DISIM P)alld E R Mapper･
Co n v e rsio n of the visible a nd n e ar-infra r ed chan n elsinto albedo v alu es, a ndthe3.7FLm
the rm al-in丘ar ed chan nel, a s w ellasthelll瓜n and 12pm cha n n els, into brightn es ste mpe ratu r es
u軸gPla n ck
-
s radiatio n equ atio n w asperfo r m ed fo rthe separa:tio n ofla nd, clouds, glint andsea,
andto deriv e addito nal data a ndinfo r m atio nforthe hv e stigatio n of the spe ctr alpatter nfo rthe
delin e atio n of for e st andtimberlands.
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La nd
,
Clo uds, glint alld s e a o nthe r a wim age w e r efTlrSt Cla sified using the algo rithms
s uggestedbyK ･ M uirhe ad(1989)forthe a uto m atic cla ssificatio n ofA V ⅢR R im age sI ts o utptlt
w asthe n u s edto m a sk out clouds, glht a nd s e a o nthe r a wdata to e n able theindepende nt
pr o c e ssing a nd fur血e r cla ssi丘c atio n o nthela nd ar e a･ T he raw im age w a sdisplayed o nthe scre e n
byaslgningthe visible, rLe ar
-infr ar ed and 3･7FLm thermal-infra r ed bandsto blu e, gr e e n a nd red
coⅢpoTle HtS, r e spe ctiv ely. Lin e a r c o ntrast str etch w a s, the n, applied to the 95 % of the
histogr am s. T he1 988 h dUseM ap ofthePhilippin e s(Figu r e3), the1989 La nd Cla ssific atio n
M ap of theP hilippn es(Figu r e4) andtopogr aphic m aps o n s c ale s of1:2,000, 0, 1:1,600,000
a nd i:250
,
000
,
r espe ctiv ely, w e r ethe n u sed to che ck ifa spe ctralpatte r nfor fo r e st a nd
timbe rla nds w aspr o vided, a nd w a s stliablefo rdeline atio n. Co ntr ast e nhan c e m e nt of the99 %
.a nd 68港 ofthedata w er e als operfo r m edaJldc o mpared with tha of the95% of thedatainter m s
ofsuitabilityforthedeline atio n. 0nlythe N O A A-12 im age sdete r min edto be s uitable forthe
deline atio n offo r esta ndtimberla nds w e refurthe rpr oces s ed a nd e v aluated. The spe ctralr adianc e s
hte rpreted a sbelo ngingtofor e st andtimbe rla nds, as w ellasto othe rland c o v e rty pes, w e re
a nalyz ed n血g data v alu e spr ofiile s, m eans a nd sta ndard de viatio n s. R ange s of digtalvalu e s
de血ing也e spe ctralpa:Ite m sforfo r esta ndtimbe rla nds w er ethe ndetermin ed. UsingE R Mapper,
these r a nge s w er e utiliz ed a sde cisio n r egi onsfor cla ssi丘c atio n of fo r e st a ndtimbe rla nds. The
a c c u r a cy a ss e ss m e ntw aspe rfo r m ed byfirstr egisteringthe clas si五c atio n o utput to thedigital 1988
IJa血 Us eMap(Figu r e3)to e n able their o v erlay a nd, the n, doing apix eトto-pix elco mpa ris o nto
dete rmin ethe per c e ntage ofpix els c o rr e ctlyclas si丘ed･ A n o r mal iz ed differ e n c e v egetatio ninde x
OVD Ⅵ)im age(Figu r e.7)yas als ogerLe mted fro mthe s am eNOAA -12 datafo r c o mpa ris o n with
th9 Cla sific ation olltPtlt, the 198 8 Ⅰ･ and Use M ap, the 1989 Land Clas sific atio n Map a nd
topogTapbic m aps.
3. R EStJL TSA ND D IS C USSIO N S
r The application oflin e ar c o nlr a st e nhan c e m e nt to the95 % ofthedatapr o videdbetter
distin ctio n of for est/t血be rla nd v e rs u s s u rrot mdingar e as regardle s s of theillumin atio n c o nditio ns
of the N O A A112 im agethanthe e nharLC e m e ntOn the99% a nd 68% of thedata. W iththe95 %
data enha n c e m e nt ad an a s slgn m eI止 ofvisible, n e a r-infra r ed and3･7J皿 the rmalbandstoblue,
gr e e n a nd red c o mpo n e nts, r e spe ctiv ely, onthedisplay of dieim age, dielighter red-to n edpatter n
of fo re st/timberla nd a sco mpar edto the gr e e nto n e of theland, blu eto whiteto n e of the clo uds,
a nd adarke r r edto n e of the se am adediefo re st/timberlandr e adilyobs e r v able a s sho w ninFigu re
1. The obs er v ation s of the delin e atio nin o n eim age o ver an othersho w ed the cha ngesin the
ge ogr aphic ar ea andthe spati ale xte nt of thepix els defining the spe ctralpattern fo rfor e st and
timberla nd･ Thes e cha nge s r a nged fr o mminimalto n o n- existe n c e of the spe ctr alpatte r nfor
fo rest/timbe rland, a nd w ere influ en c ed by fa cto r s s u ch as s atellite z emi thangle, ge o m etric
disto rtio n, s olar ele v atio n angles, a血 atm o spheric c o ndito n s(e.g. , pre s e n c eofclo uds a nd haz e).
Apriori kno wledge or u s e of thelandu s e/cla s sification m aps of the ar e a u nder inv e stigation w as
e ss e nti al fo rthedete ctiorL Ofallthes e change s･
With the u s e oftheLa nd Us eM ap ad theLa nd Clas si丘c atio nM ap a s r ef r enc edata, the
c o c o rlutplarEtatio n s ar e a o nthe e nha n ced co mpo siteNO A A-12 im age w a s obse rvedto e xhibitton e
a nd c olordif6e r eI畑 o mtho s e of thefo r esta ndtimberland 肝igu r e1)The sediffer enc espermitted
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the s epar atio n of c o c o n ut pla ntatio n sfr o mfor e stla nds and timberlands. The No rm aliz ed
Differe n c eVegetatio nhde x(N D VT)im age ge n er ated(Figu r e7), o nthe otherhand, failedto
delin e ate thes e c o c o n utplantatio n s ar e a v e r s u sfo r et a ndtimbe rla nds.
The spe ctralpatte rnfo rfo r e stla nds andtimberlandsis notdepe nde nt on the ele v atio n of
the ar e a unde rin v e stigatio n. Figu r e8 sho w sthe barrenla nds o nthe m o u ntain o u sisla nd of
Mindo ro, P hilippln e Sha ving ele v atio n s whichr ange fr o m1,000to 1,500m . abo v e s e alevel.
Thesebarr e nlandsgiv eto ne a nd c olo r v e ry m u ch diffe r e ntfr o mtho se of the co ntigu o u slylying
fore stla nds andtimbe rla nds.
The m a skingofclo uds, s e a andglinto nthe r a wdatabefo r ethe cla ssific atio n of fo r e st and
timberlands w a s critical･ Clas sific atio n of fo re stlands a ndtimberlands witho utfir st m ashingthem
otzthad als o r e s ultedin 血e clas sification ofpix els o nthe seabe c a u se ofsi mi larspectralr adian c e s
inthe s ele cted A V H R Rchan n els ofs o m efo r e st/timbe rlands and s e aplXels.
T he Timberland/Brushland c ategoryin Figu r e3 is c atego riz ed inthe o rig n alLa nd Use
Map a s
'r
c ultiv ated a r e a mix ed with bru shla nd a ndgr a s sland
●r
･ Ex a mining the LaTld Us eM ap
(198)
■
again stother r efe r e n c edata, this c ategoryis c o rr e ctlyand n o rmalyclas sifieda s
'.
m ediu m
to highdensitytimberlah ds/brushland miⅩed withgr a sland a nd cdtiv ated a r e at 'in the La nd
Clas sific atio nMap(1989),in 1:250, 0topogr aphic m aps and e v e nin the l:50,000topogr aphic
m aps a nd other data pr odu c ed bythe Natio n al Mapping & R6s o n r c elnfo rm atio n Anthority
即A M R n)I Philippn e s･ W iththis r e ctiBedc atego ryde丑山io n, the ac c u r acy s s?ss m e ntr e s ulted
in a n85% clas siBc atio n acc u r acy･ The La nd Clas si点c atio nM ap a nd topogr aphic m aps w e r e n ot
u sed dir e ctlyfor a c c u r a cy ss es s m e nt o a c c o unt ofr estr ainingfa ct9r Sbutonlya srefe r e n c edata
duringcla ssific atio n a ndto c o unter che ck the c atego ries ofthe La nd Us eM ap.
Figu r e5 co mpar e sthe typic al data v alu e spr ofile s of fo r e st/timberla nd withtho s e of
clo uds, s e a and land/mix ed land c o v ertype s. Inbo也 the visible and n e ar-infrared bands, fo r e st
a ndtimbe rla nd ha v ege n e r allylo w e r a v e r agedta value stha ntho s e ofclo uds and.la nd/m汝edland
c o v e rtype sbutha v ealm o stthe s am e a v e r ag dta values a stho s e of the s e a. In the 3,7/皿
也er m al-infhredband, fo rest a ndtimberlandha v e slightlyhigher a v e r agedata valu esthan tho se
of the se a and la nd/mix ed land c o v e rtypesbtltha v ege n e r allylo w e rdata valu e sthan thos e of the
clo uds. The c o nfigur atio n s 0f thes epr ofiles a reindic ativ eofthe refkctan cesoftheland c o v er
type sin the visible andPe ar-in丘a r ed bands, a ndte mper atu r e sinthe 3.7 pm the rmal-inBar ed
ba nds at the tim e of satellite pas s. T he configu ratio n s, m or e o v e r, sho w the po s sibility of
separ atingfo r est andtimbe rla nd &o m othe rland c o v e rtype s orfe atur e sby u sl ng eithe r a single
ba nd or aco mbin atio n of ba nds. As ide fro m thetypic al data vilu e spr ofile s, the s eparability of
the data value s of for est/timbe rlandsfrom tho se ofthe s u r r o undhgcov er types c anbe further
inv estigated byu singthe m e an s a nd standard de viatio ns(Table1)de riv ed fr o mtr aininga re a s, The
beha vio r of the m e ans for e ach c ove rtypein the 3 bands as sho wnin Table l r e s e mblesthe
c onfigu r atio n of the data valu es pr ofiles. T he analysis of al bedo and brighhe s stempe r atu re
valu e s
, like wise, ga ve the s am e r e s ults asthat of the r a wdata v alu e s, i.e . , having the s a m e
behavio r of m e an s, ta nda rd de viatio n sand data v alu e spr ofile s･
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Tab)e I. M eans md Sta ndard DeviadoJIStJ nm a ry Reportfo r n1 2 10606
Me且n S Sta ndard &
Class/ Ba nd l Band 2 Bad3 Bandl Ba nd2 Band 3
cloudsl 1 76.106
clo11ds2 372.667
forest1 5 9.409
fbrest2 5 9.7 50
fore s t3 75364
forest4 5 8.786
fbrest5 54.667
1a nd1 7 4.500
1a nd2 94.8 52
岳ea1 7 3.96 4
1 49.5 65
3 19_926
66.22 7
67.80 0
87.500
B7.85 7
72.333
101,607
5 8 0.094 2 6.7 1 8
939.20 7 58.608
70 0.7 2 7 l.3 68
72 3.00 0 1.682
715.864 3.0 48
67 2.357 2.914
658.667 O.57 7
5 79.464 2.317
9 8.481 4 6 l.07 4 3.666
61.391 62 9.60 3.02 0
17.789 30.128
50 3 2 1A17.05 8
4,264 12.2 79
7.4 31 25.5 10
5.878 1 5.839
4,802 9,4 10
2.0 82 6.6 58
2.685 20.30 6
3,130 20.608
3.0 95 1 5.00 3
4. CO NC LUSION S
T he s ate肋e m appmgof large-a r e atr opical fore stlands a ndtimberlands of the Philppine s
w as a c c o npli5hed withs u c c e ss u singa c o mb 血tio n of visble, rh= ar-i血 ar ed and 3･7I皿 the rm al-
infr a r ed A V H R Rcharm els 丘o m the NO A A-12 m o rn 1ng Pa s s S atellite. The lin e ar c o r[tr ast
e nhan c e m e nt of the95 %(2sta ndard de viationsfro mthe m e a n)ofthe data ofthes e cha m els
c o upled widlthe u s e ofthe198革 hndUs eMap of thePhilippl n eS, the 1989 LandCIAssi丘c atio n
対ap ofthePhilippn e s a nd 1:250,00topogr aphic m aps a s r eferen cedata e n abled thedete ctio n
ofa spectr alpatter nforfo r e st a ndtinberla nds a nd che cking of its s uitabiltyfor deline atio n.
Ra nge s of■digital v alu e sde丘ning this spe ctralpatte m w e r e u s ed fo r cla ssificatio n. T he
cla ssific atio n o utputyielded an a c ct n
.
a cy of 85% . This m appingtech mique w aspe rfo m ed o n a
s erie s of N OAA -12m o r mng pa s sim ages a cquir ed丘o m192to 1994.
5. R E F E R 五NCES
Lilles a nd
･
T･ M ･
,
R･ W ･ K iefer, Re m oteSe n sing andIm ageIIZteTPre血Lio m, 2nd ed･ , W iley, New
Yo rk
,
1987.
Mtli=he ad･ K二,
- ■
Anto m atic Cla ssifi c atio nof A V E R R Im age s
･･
, 4thA VZZR R Data Us e rMe ett
･
mg,
1989.
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Figu r e l =- A c o mb in atio n of visible , n e a r- infr a r ed a nd 3 . 7 FL m
the r tTLa1 - infr a r ed AV甘R R data a cquir ed o n Apri l ll , 1 9 9 4(left
im age) a nd May 30 ･ 19 9 3(rig
■ht
N O A A- 1 2 m o r ning pa s s S atel l ite .
o f the 9 5% of the h istogr a m Ei
spe ctr al pat te r n that e n ab le s
fo r e st la nd畠 and timbe rlands .
im age) , r e spectiv ely, fr o m the
The c o ntr a ∈;t l in e a r e nha n c e m e nt
of the s e cha nn els pr t･vi de B a
the del in eatio n of larg弓 - a r e a
WI
BAND 1 B A m 2 BB m 3
Figu re 2 : Ty pic al histogr a m s of visib le (band 1), n e a r- infr a r ed
(ba nd 2) a nd 3 . 7 FL m the r mal - infr a r ed (band 3) A V H R Rda ta .
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fo r e Eit la nd∈ヨ and
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,
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infr a r ed AVE R Rba rld∈; .
Figu r e 8: The l in e a r c o ntr a st
Str etch of 9 5 % of the
histogr a m ∈; o f visi ble , n e a r-
infra red a nd 3 ･ 7 lL m the r m al
-
infr ar ed A V 甘R Rdata fr om N O A A. 1
12 tTIO r ni g pa s s s a亡e1 1 ite
pr o vi de s a d is tin ctio n be tw e e n
ba rr e n la nd a nd fo r e 9t.
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Figu r e 7 : A No r ru al iz ed
Dl f fe r e nce Veg
.
eヒa tlo n 工nde x
(N D V =) im age de rived fr o m the
visib le and n e a r- infr a r ed ba nds
of N O A A- 1 2 data .
